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Abstract  We  report  a  series  of  four  cases  of  congenital  high  scapula  (or  Sprengel’s  deformity)
diagnosed  and  followed  in  our  establishment.  The  main  feature  of  this  very  rare  congenital
malformation  of  the  pectoral  girdle  is  an  abnormally  high,  more  or  less  dysmorphic  scapula.
A congenitally  high  scapula  is  often  discovered  in  young  children,  when  consequences  for  aes-
thetics, and  sometimes  functional  difﬁculties,  are  brought  to  light.  When  surgical  treatment
is envisaged,  imaging  is  recommended  to  diagnose  a  supernumerary  structure,  ossiﬁed  (an
omovertebral  bone)  or  not  (a  ﬁbrous  and/or  cartilaginous  connection),  extending  from  the
scapula to  the  cervical  spine.  This  needs  to  be  resected.  A  CT  scan  is  essential  for  detecting  an
omovertebral  bone  and  the  vertebral  bone  abnormalities  that  are  often  associated  with  it.  MRI
and ultrasound  are  very  useful  for  assessing  any  ﬁbrous  and/or  cartilaginous  components.  An
ultrasound  examination  has  the  undeniable  advantage  of  being  quick  and  easy  in  these  young
children.
© 2012  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
Congenital  high  scapula,  commonly  known  as  Sprengel’s  deformity  (SD),  is  seen  as  a  char-
acteristic  dysmorphic  high  scapula.  This  rare  congenital  condition  of  unknown  aetiology  is
the  consequence  of  arrested  caudal  migration  of  the  scapula  during  embryogenesis.  In  25
to  50%  of  cases,  a  bony  structure  (still  referred  to  as  the  ‘omovertebral  bone’)  or  a  ﬁbrous
and/or  cartilaginous  structure  is  interposed  between  the  scapula  and  the  cervical  spine
[1,2].  Surgical  management  of  SD  requires  prior  resection  of  the  omovertebral  bone  or
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reporting  four  observations  [3].  The  physiopathogenesis  ofCongenital  high  scapula  (Sprengel’s  deformity):  Four  cases  
of  its  ﬁbrous  or  cartilaginous  equivalent.  Imaging  is  thus
essential  to  conﬁrm  the  existence  of  this  omovertebral  for-
mation  and  generally  relies  on  CT  scans,  which  show  the
ossiﬁed  component  and  its  relations  with  the  scapula  and
spine  better  than  MRI  and  ultrasound.  To  our  knowledge,
the  contribution  of  ultrasonography  has  only  been  evaluated
once  in  the  literature  [1].  Through  our  four  observations  of
SD,  we  report  the  main  aspects  encountered  in  imaging  and
stress  the  potential  usefulness  of  ultrasonography  for  this
condition.
Clinical cases
Observation 1
Louis,  aged  3,  was  referred  for  a  children’s  orthopaedic
surgery  consultation  for  shoulder  asymmetry.  Clinical  exam-
ination  found  a  high  right  shoulder  (Fig.  1a),  without
shoulder  mobility  asymmetry,  and  scoliosis.  An  X-ray  exam-
ination  showed  clear  elevation  of  the  right  scapula,  a
C4—C5  vertebral  block,  but  no  omovertebral  bone.  An  addi-
tional  ultrasound  examination  conﬁrmed  the  presence  of
a  cartilaginous  omovertebral  structure  (Fig.  1b).  Louis  had
physiotherapy  to  treat  his  scoliosis.
Observation 2
Two  and  a  half  year  old  Timotei  was  referred  for  a  children’s
orthopaedic  surgery  consultation  for  unsightly  shoulder
asymmetry  and  progressive  reduction  in  the  mobility  of  his
left  arm,  combined  with  a  torticollis  on  the  same  side.
Clinical  examination  found  a  distinctly  raised  left  shoulder,
abduction  of  the  left  arm  limited  to  90◦,  and  a  neck  short-
ened  on  the  left  associated  with  a  torticollis.  X-rays  showed
a  raised  left  scapula  in  line  with  ankylosis  of  the  left  C5—C6
articular  processes  and  an  omovertebral  bone  (Fig.  2a).  An
additional  CT  scan  conﬁrmed  the  presence  of  the  omover-
tebral  bone,  fusion  of  the  C5—C6  left  posterior  hemiarches,
and  revealed  a  closure  defect  in  the  C4,  C5  and  C6  ver-
tebral  arches.  The  torticollis  position  was  related  to  the
zygapophyseal  ankylosis,  SD  was  diagnosed  and  physiother-
apy  started.  This  improved  the  mobility  of  the  left  shoulder
and  the  child  was  monitored  as  an  outpatient.  Surgery  was
scheduled  at  5  years  of  age,  mainly  for  aesthetic  reasons.  A
preoperative  MRI  conﬁrmed  the  presence  of  a  partially  ossi-
ﬁed  structure  between  the  C5—C6  spinous  processes  and  the
Figure 1. Observation 1: a: x-ray image (frontal view of the shoulder)
position of the right scapula (grade II in the Rigault and Pouliquen classiﬁ
ultrasound image (transverse and longitudinal slices centred on the inter
visible with ultrasound. It appears well deﬁned, hypoechoic, like cartila
t
m
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uperior-medial  border  of  the  left  scapula  (Fig.  2b).  The  ossi-
ed  and  non-ossiﬁed  components  were  clearly  visible  with
ltrasound  (Fig.  2c).  The  procedure  consisted  of  simple  abla-
ion  of  the  omovertebral  structure  (Fig.  2d).  Postoperative
ecovery  was  uneventful.
bservation 3
ules,  aged  8  months,  had  been  monitored  since  birth  by  the
aediatric  department  for  left  renal  agenesis  and  anoma-
ies  in  thoraco-abdominal  systemic  venous  return.  He  was
eferred  for  a  children’s  orthopaedic  surgery  consultation
or  a  raised  left  scapula.  Clinical  examination  led  also  to
uspecting  the  presence  of  a left  omovertebral  structure.
he  articular  range  of  movement  of  the  left  shoulder  was
ormal.  X-ray  examination  showed  left  SD  and  the  pres-
nce  of  an  omovertebral  bone.  The  CT  scan,  in  addition  to
hese  bone  abnormalities,  showed  incomplete  ossiﬁcation
f  the  omovertebral  structure  and  a  defect  in  the  closure
f  the  C5  to  C7  posterior  vertebral  arches  (Fig.  3).  An  ultra-
ound  examination  performed  two  months  later  identiﬁed
ssiﬁed  and  non-ossiﬁed  components.  Ablation  surgery  was
cheduled  when  he  was  3  years  old.
bservation 4
arah,  1  year  old,  was  being  monitored  by  the  Paediatric
epartment  for  retarded  growth  and  weight  increase  and
ongenital  torticollis.  She  was  referred  for  a  children’s
rthopaedic  surgery  consultation  for  shoulder  asymmetry.
linical  examination  conﬁrmed  a  raised  left  scapula  and
ound  abduction  to  be  slightly  limited.  Three  years  later,
n  omovertebral  structure  was  suspected  during  a  monitor-
ng  examination.  A  CT  scan  showed  the  bone  component  and
evealed  a  multilevel  closure  defect  of  the  posterior  arches
f  the  cervical  vertebrae  (Fig.  4a,  b).  Resection  was  planned
t  ﬁve  years  of  age.
iscussion
D  was  described  for  the  ﬁrst  time  in  1863  by  Eulenberg,  but
t  was  not  until  1891  that  Sprengel  was  to  give  it  its  name  by. Note, by comparison with the opposite side, the abnormally high
cation) and the downward and medial inclination of the glenoid; b:
posed omovertebral tissue). The non-ossiﬁed component is clearly
ge.
his  condition  remains  unknown.  The  scapula  appears  nor-
ally  at  the  5th  week  of  intrauterine  life  in  the  form  of
 mesenchymal  mass  level  with  the  4th  and  5th  cervical
880  R.  Guillaume  et  al.
Figure 2. Observation 2: a: x-ray image (cervical spine in proﬁle). Note the omovertebral bone (arrow) and the C5—C6 zygapophyseal
ankylosis (asterisk); b: MRI (T1-weighted transverse slice). The omovertebral bone (asterisk) has a normal bone signal. Its non-ossiﬁed,
parascapular component (arrowhead) appears well deﬁned with low signal intensity; c: ultrasound image (longitudinal slice centred on
the omovertebral bone). The cartilaginous component (asterisk) is clearly visible, continuous with the omovertebral bone and close to the
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cedial border of the scapula; d: intraoperative view. The omoverte
nd the cervical spinous processes.
ertebrae  [4].  From  the  6th  week,  it  migrates  caudally  to
each  its  deﬁnitive  physiological  position  at  the  12th  week.
he  inferior  angle  of  the  scapula  is  then  situated  between
he  6th  and  8th  thoracic  vertebrae.  During  this  caudal  migra-
ion,  the  morphology  of  the  scapula  changes  to  become
dapted  to  the  prehensile  function  of  the  upper  limb  [4].
rom  the  12th  week  of  inter-uterine  life,  the  morphology
f  the  scapula  is  similar  to  that  of  an  adult  scapula,  higher
han  it  is  wide.  SD  results  from  this  caudal  migration  being
nterrupted.  The  cause  of  this  is  still  unknown  but  is  pos-
ibly  vascular  [5,6]. A  few  familial  forms  of  SD  have  been
escribed  and  suggest  the  possibility  of  genetic  transmission
6].
In  SD,  the  scapula  is  in  a  high  position  and  appears  more  or
ess  hypoplastic  and  dysmorphic,  wider  than  it  is  high,  with
v
a
cbone (asterisk) is visible between the medial border of the scapula
 convex  medial  border  and  a  concave  lateral  border,  and
ssociating  scapular  muscle  hypoplasia.  The  scapula  on  the
pposite  side  is  in  a  normal  position  but  sometimes  slightly
ysmorphic  [7].  SD  is  frequently  associated  with  other
one  abnormalities  which  can  be  costal  (aplasia,  hypopla-
ia,  synostosis,  biﬁdity,  supernumerary  ribs,  etc.),  clavicular
abnormalities  in  shape  and/or  position)  and,  above  all,
ertebral  (Klippel-Feil  syndrome,  cervical  and/or  thoracic
pina  biﬁda  occulta,  hemivertebrae,  secondary  scoliosis,
tc.).  These  vertebral  malformations,  which  are  frequently
ssociated,  as  our  observations  show,  are  explained  by  the
ommon  embryological  origin  of  the  scapula  and  the  cer-
ical  spine,  both  derived  from  mesenchymal  tissue  known
s  the  para-axial  mesoderm.  Extra-osseous  abnormalities
an  include  diastematomyelia,  hypoplasia  of  the  cervical
Congenital  high  scapula  (Sprengel’s  deformity):  Four  cases  881
Figure 3. Observation 3. CT scan (posterior view in 3D VRT
reconstruction). The omovertebral bone is clearly visible. Note the
scapular dysmorphia (arrows), the raised ipsilateral clavicle, and
SD is  usually  unilateral  (90%  of  cases),  more  frequent  in
girls  than  in  boys  (sex  ratio  of  1:  3)  with  or  without  left  or
right  predominance  depending  on  the  author  [1,6,8].  It  is
often  diagnosed  in  early  childhood.  Parents  consult  because
of  unaesthetic  disﬁgurement  (scapular  asymmetry,  poste-
rior  thoracic  swelling  corresponding  to  the  projection  of  the
tip  of  the  scapula)  and/or  limited  active  abduction  of  the
shoulder.  There  may  be  multidirectional  instability  of  the
shoulder.  The  Cavendish  classiﬁcation  (Table  1)  differenti-
ates  four  clinical  grades  of  increasing  severity,  depending
on  the  size  of  the  swelling  and  how  far  the  scapula  is
raised,  from  very  slight  malformation  (grade  I)  to  severe
malformation  (grade  IV)  [10]. Diagnosis  of  SD  is  conﬁrmed  by
X-ray  images  showing  a  high  scapula.  Rigault  and  Pouliquen’s
classiﬁcation  takes  into  account  the  amount  by  which  the
scapula  is  raised  on  standard  images  (Table  2):  slightly  raised
(grade  I,  omovertebral  bone  generally  absent);  raised  to  the
usual  degree  (grade  II)  or  severely  raised  (grade  III)  [11]. It
is  sometimes  difﬁcult  to  conﬁrm  the  possible  presence  of  an
omovertebral  bone  because  of  the  superposition  of  bones.
A  CT  scan  and  its  2D,  and  above  all,  3D  reconstructions  is
then  very  useful  for  detecting  an  omovertebral  bone,  giv-
ing  its  site  and  size,  evaluating  the  position  of  the  scapula
in  space  (lateral  tilt  in  the  frontal  plane,  anterior  tilt  in
Table  1  Cavendish’s  clinical  classiﬁcation.
Grade  I Shoulders  at  the  same  level;  deformity
invisible  when  patient  is  dressed
Grade  II  Shoulders  at  the  same  level;  deformity
visible  when  patient  is  dressed  (lump  at  the
base  of  the  neck)
Grade  III  Shoulders  asymmetric:  the  affected
shoulder  is  raised  by  2  to  5  cm
Grade  IV  The  affected  shoulder  is  raised  by  more  thanthe cervical spina biﬁda occulta.
muscles,  torticollis,  pterygium  colli,  cleft  palate  and  renal
anomalies  [6].  Several  cases  of  SD  have  also  been  described
associated  with  Poland  syndrome  (aplasia/hypoplasia  of  the
pectoralis  major  muscle  and  hand  abnormalities)  or  Gorlin-
Goltz  syndrome  (basal  cell  naevus  syndrome)  [6].  However
the  most  common  association  is  with  an  omovertebral  bone,
even  though  this  is  not  always  present.  Its  origin  is  still  con-
troversial:  the  omovertebral  bone  may  develop  from  the
posterior  arch  of  vertebrae,  from  the  scapula,  or  be  an
acquired  ossiﬁcation  [8].  Usually  it  is  single  but  may  be  dou-
ble.  It  varies  in  size,  being  usually  a  few  centimetres.  Most
often,  it  occurs  between  the  spinous  processes,  the  posterior
arches  or  transverse  processes  of  the  last  cervical  vertebrae
and  the  superior-medial  border  of  the  scapula.  One  case  of
an  omovertebral  bone  between  the  clavicle  (an  ‘omoclavic-
ular’  bone),  the  occiput  and  the  medial  border  of  the  scapula
has  been  reported  [9].
5  cm  (superior  angle  close  to  the  occiput)
Figure 4. Observation 4: a: CT scan (transverse slice in the bone window). The omovertebral bone (asterisk) is visible between the lamina
of a cervical vertebra and the medial border of the scapula. Note the associated bone scalloping (arrow); b: 3D VRT reconstruction (posterior
view). The voluminous omovertebral bone (asterisk) is associated with abnormalities in the closure of the posterior cervical arches and a
hypertrophied cervical spinous process (arrow).
882  
Table  2  Rigault  and  Pouliquen’s  radiological
classiﬁcation.
Grade  Position  of  the  medial  angle  of  the  scapula
Grade  I  Between  the  transverse  processes  of  T2  and  T4
Grade  II  Between  the  transverse  processes  of  C5  and  T2
Grade  III Above  the  transverse  process  of  C5
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[5] Floemer F, Magerkurth O, Jauckus C, Lütschg J, Schneiderhe  sagittal  plane  and  medial  tilt  in  the  transverse  plane)
nd  the  degree  of  scapular  dysmorphia,  detecting  associ-
ted  bone  abnormalities,  particularly  of  the  vertebrae,  and
or  planning  the  surgical  procedure  well  [4,7]. CT  scans  play
 prominent  role  in  preoperative  evaluation  but  cannot  ade-
uately  assess  any  non-ossiﬁed  components  or  the  presence
f  ﬁbrous  or  cartilaginous  structures.  In  contrast,  MRI  can
e  useful  both  for  analysing  these  ﬁbrous  and/or  cartilagi-
ous  components  and  for  detecting  associated  medullary
bnormalities  (diastematomyelia).  However,  it  is  difﬁcult  to
erform  in  young  children  and  may  require  sedation  or  gen-
ral  anaesthesia.  In  observation  2,  the  MRI  was  performed  on
 cooperative  5-year-old  child,  but  reducing  the  number  of
equences  and  the  total  acquisition  time  as  much  as  possible
o  limit  movement  artefacts.  This  examination  was  con-
ucted  in  the  dorsal  decubitus  position,  arms  alongside  the
ody,  but  a  recent  study  [1]  has  reported  speciﬁc  position-
ng  (the  scapula  of  the  healthy  shoulder  raised  by  a  suitable
edge,  cervical  ﬂexion  to  the  normal  side)  for  detecting
on-ossiﬁed  structures  as  well  as  possible.  An  ultrasound
xamination  is,  on  the  other  hand,  simple,  easy  to  use,  and,
s  our  observations  emphasize,  allows  easy  evaluation  of  the
ssiﬁed  and  non-ossiﬁed  components  of  a  superﬁcial  super-
umerary  structure.  It  could  be  performed  in  the  case  of
D  where  no  omovertebral  bone  can  be  detected  on  X-ray
mages  and  might  be  preferable  to  MRI  in  young  children
or  the  reasons  given  above.  In  ultrasonography,  cartilagi-
ous  components  have  a  characteristic  appearance:  they
re  hypoechoic,  well  deﬁned,  rounded  or  oval  structures.
he  only  ultrasound  observation  reported  in  the  literature
oncerns  a  structure  which  was  both  ﬁbrous  and  cartilagi-
ous,  the  morphological  appearance  differing  with  the  tissue
oncerned:  a  hypoechoic,  well  deﬁned,  oval  structure,  sim-
lar  to  our  observations  (cartilage)  and  a  hypoechoic,  well
eﬁned,  linear  structure  (ﬁbrous  tissue)  [1].  Anatomopatho-
ogical  correlation  is  still  lacking.
SD  may  lead  to  discussion  of  neonatal  paralysis  of  the
rachial  plexus,  scapula  alata  (or  winged  scapula)  due  to
aralysis  of  the  serratus  anterior  muscle,  scapula  alata
n  facioscapulohumeral  muscular  dystrophy,  or  scapuloiliac
ysostosis  [6].  It  can  usually  be  diagnosed  from  the  medical
istory  and  imaging  showing  that  only  the  scapula  is  involved
apart  from  the  associated  vertebral  lesions).  SD  must  not  be
onfused  clinically  and  radiologically  with  Klippel-Feil  syn-
rome  with  which  it  may  be  associated.  This  syndrome  is  the
esult  of  a  defect  in  the  segmentation  of  the  cervical  somites
uring  embryogenesis.  It  is  classically  characterised  by  the
riad  of  a  short  neck,  cervical  stiffness  and  a  low  hairline
ut  the  latter  feature  is  not  always  present.  X-ray  images
eveal  more  or  less  extensive  fusion  of  the  vertebral  bodies
nd  the  posterior  arches  of  the  cervical  vertebrae.R.  Guillaume  et  al.
SD  is  often  treated  surgically  in  childhood  (between
 and  7  years  of  age)  for  aesthetic  reasons  and  to  improve
unctioning  of  the  upper  limb  [4].  Resection  of  the  omover-
ebral  bone  or  its  cartilaginous  or  ﬁbrous  equivalent  is  a
rerequisite  for  any  surgical  procedure.  There  are  various
echniques  focusing  on  the  soft  tissue  and/or  the  bone.  The
oodward  technique  consists  of  disinsertion  and  reinser-
ion  of  the  parascapular  muscles  [12]  to  lower  the  scapula,
hereas  Green’s  technique  [13]  aims  to  resect  a  larger  or
maller  portion  of  the  medial  or  superior-medial  part  of
he  scapula.  Other  surgical  variants  exist.  Results  may  be
isappointing.
onclusion
D  is  characterised  to  variable  degrees  by  a high  dysmor-
hic  scapula.  A  supernumerary  structure  which  may  be
ssiﬁed  (an  omovertebral  bone)  is  often  associated  with  it
nd  occurs  between  the  medial  border  of  the  scapula  and
he  cervical  spine.  It  is  clinically  diagnosed  early  because
f  unaesthetic  disﬁgurement  (shoulder  asymmetry)  and/or
unctional  difﬁculties  (limited  abduction).  X-ray  images  can
onﬁrm  the  diagnosis  and  objectify  an  omovertebral  bone,
hich  may  be  present,  but  they  are  sometimes  difﬁcult
o  interpret  because  of  superimposed  bones.  When  it  has
een  decided  to  treat  surgically,  the  supernumerary  struc-
ure  must  be  resected.  Additional  imaging  relies  principally
n  CT  scans  and  their  3D  reconstructions.  The  latter  show
oth  the  site  and  dimensions  of  the  omovertebral  bone  as
ell  as  often  associated  vertebral  abnormalities.  If  there
s  no  omovertebral  bone,  an  ultrasound  examination  may
e  useful  for  detecting  a  ﬁbrous  or  cartilaginous  structure.
RI  can  also  show  the  existence  of  any  such  structure  but
t  is  often  technically  difﬁcult  to  perform  in  young  chil-
ren.  In  the  future  ultrasound  may  prove  to  be  of  signiﬁcant
ssistance  in  the  therapeutic  management  of  this  condi-
ion.
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